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(54) SILICONE LADDER POLYMER, SILICONE LADDER PREPOLYMER AND THEIR 
PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain the subject high-purity, high- 
molecular weight polymer useful as an electronic part and 
for protecting a semiconductor device, etc., having 
excellent heat resistance, electric insulating properties 
and chemical resistance, by hydrolyzing a solution of a 
trialkoxysilane in a solvent with ultrapure water under 
cooling and cleaning it with ultrapure water. 
CONSTITUTION: A trialkoxysilane compound of formula I 
(R7 is H; R8 to R10 are each a lower alkyl) or the 
trialkoxysilane and a trialkoxysilane compound of formula 
II (R1 1 is a lower alkyl, alkenyl or aryl) are dissolved in an 
organic solvent and hydrolyzed by using ultrapure water 
containing hydrogen chloride under cooling. The 
hydrolyzate is cleaned with ultrapure water to give the 
objective silicone ladder polymer of formula III (R1 is H; 
R2 is H or as shown for R1 1; R3 to R6 are each H or a 
lower alkyl; n1 is 600-10,000) in which each content of sodium, potassium, iron, copper, lead, 
magnesium, manganese and chlorine is <1ppm and each content of uranium and thorium is 
<1ppb. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The general formula each content of whose of uranium and thorium each content of 
sodium, a potassium, iron, copper, lead, magnesium, manganese, and chlorine is 1 ppm or less, 
and is 1 or less ppb (1): 



[Formula 1] 

r *i n 



r 3 o- — 



ji 0--R5 



i 



R4O+— Si O-^- R6 

L R2 J n 1 



It is the silicone ladder polymer expressed with (R1 shows a hydrogen atom among a formula, 
R2 shows a hydrogen atom, low-grade alkyl group, and alkenyl radical or an aryl group, R3, R4, 
R5, and R6 show a hydrogen atom or a low-grade alkyl group, and n1 shows the natural number 
of 600-10000). 

[Claim 2] The general formula each content of whose of uranium and thorium each content of 
sodium, a potassium, iron, copper, lead, magnesium, manganese, and chlorine is 1 ppm or less, 
and is 1 or less ppb (2): 



[Formula 2] 

r Ft n 



R 3 C 



R 4 0 Si O R6 



n 2 



L R2 



It is the silicone ladder prepolymer expressed with (R1 shows a hydrogen atom among a formula, 
R2 shows a hydrogen atom, low-grade alkyl group, and alkenyl radical or an aryl group, R3, R4, 
R5, and R6 show a hydrogen atom or a low-grade alkyl group, and n2 shows the natural number 
of 5-600). 

[Claim 3] General-formula (3): R7 SiOR8 OR9 OR10 (R7 among a formula a hydrogen atom) R8, 
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R9. and RIO a low-grade alkyl group — being shown — it is expressed — a trialkoxysilane 
compound Or the trialkoxysilane compound and general formula (4):R11SiOR8 OR9 OR10 
(among a formula) which are expressed with said general formula (3) The trialkoxysilane 
compound expressed is dissolved in an organic solvent. R1 1 — a low-grade alkyl group and 
alkenyl radical or an aryl group - R8. and R9 and R10 - a low-grade alkyl group — being 
shown — The manufacture approach of the silicone ladder prepolymer according to claim 2 
characterized by washing the obtained hydrolyzate with ultrapure water after hydrolyzing under 
cooling using the ultrapure water containing a hydrogen chloride. 

[Claim 4] General-formula (5): The trichlorosilane compound expressed with R12SiCI3 (R12 
shows a hydrogen atom among a formula) Or the trichlorosilane compound and general formula 
(6):R13SiCI3 (among a formula) which are expressed with said general formula (5) The 
trichlorosilane compound expressed is dissolved in an organic solvent. R13 — a low-grade alkyl 
group and alkenyl radical or an aryl group — being shown — The manufacture approach of the 
silicone ladder prepolymer according to claim 2 characterized by washing the obtained 
hydrolyzate with ultrapure water after hydrolyzing under cooling using ultrapure water. 
[Claim 5] The manufacture approach of the silicone ladder polymer according to claim 1 
characterized by refining the high molecular weight object obtained by adding a nucleophilic 
reagent in the organic solvent solution of a silicone ladder prepolymer according to claim 2, and 
carrying out dehydration condensation by the dissolution reprecipitating method. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the silicone ladder polymer, the silicone ladder 
prepolymers, and those manufacture approaches of the high grade which has a hydrogen atom 
in a side chain. The silicone ladder polymer of the high grade of this invention can be suitably 
used as protective coats, such as a semi-conductor, an interlayer insulation film, etc. 
[0002] 

[Description of the Prior Art] From the former, silicone ladder polymer originates in this 
molecular structure, is excellent in thermal resistance, electric insulation, and chemical 
resistance, and is used as protective coats, such as electronic parts or a semiconductor device, 
and a charge of interlayer insulation film material. 

[0003] For example, the manufacture approach of the conventional silicone ladder polymer ** is 
shown in JP,60-124943,A. this manufacture approach — first — the inside of an organic 
solvent solution — TORIE — an ibis — after hydrolyzing a silane, carrying out the bottom 
polymerization of reduced pressure after that and carrying out end qualification by dimethyl 
chlorosilicane, an organic solvent refines and silicone ladder polymer is obtained. 
[0004] 

[Problem(s) to be Solved by the Invention] Since the manufacture approach of conventional 
silicone ladder polymer was constituted as mentioned above, there were troubles — a lot of 
impurities and by-products are contained — in the obtained silicone ladder polymer. This is 
because it is manufactured on the conditions from which an impurity, such as the purification 
after end qualification being inadequate, or performing the reaction after hydrolysis at the 
elevated temperature of 35 degrees C, and a by-product are hard to be removed, furthermore, 
the molecular weight of the obtained silicone ladder polymer remains or less in 100,000, and 
thick-film formation is difficult — etc. — there was a trouble. 

[0005] This invention was made in order to cancel the above troubles, it aims at obtaining the 
silicone ladder polymer of the amount of macromolecules by the high grade, and aims at 
acquiring the silicone ladder prepolymers and those manufacture approaches of a high grade for 
manufacturing this further. 
[0006] 

[Means for Solving the Problem] the silicone ladder polymer concerning invention of claim 1 — 
the content of an impurity — very — few — general formula (1): 
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[Formula 3] 



R 3 0 — 



R4O 



O 

1 

•Si- 

I 

L R2 J 



-Re 
ni 



It is expressed with (R1 shows a hydrogen atom among a formula, R2 shows a hydrogen atom, 

low-grade alkyl group, and alkenyl radical or an aryl group, R3, R4, R5, and R6 show a hydrogen 

atom or a low-grade alkyl group, and n1 shows the natural number of 600-10000). 

[0007] the silicone ladder prepolymer concerning invention of claim 2 — the content of an 

impurity — very — few — general formula (2): 

[Formula 4] 

r R i 



R 3 0 Si 



R4O— Si i 



L R2 J 



-R 5 



*6 



112 



It is expressed with (R1 shows a hydrogen atom among a formula, R2 shows a hydrogen atom, 
low-grade alkyl group, and alkenyl radical or an aryl group, R3, R4, R5, and R6 show a hydrogen 
atom or a low-grade alkyl group, and n2 shows the natural number of 5-600). 
[0008] The manufacture approach of the silicone ladder prepolymer concerning invention of 
claim 3 General-formula (3): R7 SiOR8 OR9 OR10 (R7 among a formula a hydrogen atom) R8, 
R9, and R10 — a low-grade alkyl group — being shown — the trialkoxysilane compound 
expressed — Or this and general formula (4):R1 1SiOR8 OR9 OR10 (among a formula) The 
trialkoxysilane compound expressed is dissolved in an organic solvent. R1 1 — a low-grade alkyl 
group and alkenyl radical or an aryl group — R8, and R9 and R10 — a low-grade alkyl group — 
being shown — After hydrolyzing under cooling using the ultrapure water containing a hydrogen 
chloride, ultrapure water washes the obtained hydrolyzate. 

[0009] The manufacture approach of the silicone ladder prepolymer concerning invention of 
claim 4 General-formula (5): The trichlorosilane compound expressed with R12SiCI3 (R12 shows 
a hydrogen atom among a formula), or this and general formula (6):R13SiCI3 (the inside of a 
formula, and R13 — a low-grade alkyl group — ) an alkenyl radical or an aryl group — being 
shown — after dissolving the trichlorosilane compound expressed in an organic solvent and 
hydrolyzing under cooling using ultrapure water, ultrapure water washes the obtained 
hydrolyzate. 

[0010] The manufacture approach of the silicone ladder prepolymer concerning invention of 
claim 5 adds a nucleophilic reagent in the organic solvent solution of a silicone ladder 
prepolymer, carries out dehydration condensation, and refines the obtained high molecular 
weight object by the dissolution reprecipitating method. This invention is explained further below 
at a detail. 
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[0011] (Manufacture of the silicone ladder prepolymer of a high grade) A raw material is 
explained first. The silicone ladder prepolymer concerning claim 3 As a raw material, it is general 
formula (3):R7 SiOR8 OR9 OR10 (among a formula). R7 R8, R9, and R10 show a low-grade alkyl 
group for a hydrogen atom. And it manufactures using the trialkoxysilane compound expressed 
with general formula (4):R1 1SiOR8 OR9 OR10 (R11 shows a low-grade alkyl group and alkenyl 
radical or an aryl group among a formula, and R8, R9 t and R10 show a low-grade alkyl group). As 
for this trialkoxysilane compound, what was beforehand distilled and refined in the nitrogen air 
current under reduced pressure is desirable. Although it is hard to change even if these raw 
materials have the low reactivity over moisture and it leaves it in atmospheric air, it has the 
description of being hard to carry out hydrolysis and a polycondensation. 

[0012] General-formula (3): As a trialkoxysilane compound expressed with R7 SiOR8 OR9 OR10 
(R7 shows a hydrogen atom among a formula, and R8, R9, and R10 show a low-grade alkyl 
group), although trimethoxysilane, triethoxysilane, a tripropoxy silane, etc. are mentioned, they 
are not these things limited to seeing, for example. 

[0013] Moreover, general formula (4):R1 1SiOR8 OR9 OR10 (among a formula) R1 1 — a low- 
grade alkyl group and alkenyl radical or an aryl group — R8, R9, and R10 — a low-grade alkyl 
group — being shown — as trialkoxysilane shown For example, phenyltrimethoxysilane, 
phenyltriethoxysilane, A phenyl tripropoxy silane, 2-phenyl vinyltrimetoxysilane, 2-phenyl 
vinyltriethoxysilane, 2-phenyl vinyl tripropoxy silane, 3-phenyl allyl compound trimethoxysilane, 
3-phenyl allyl compound triethoxysilane, 3-phenyl allyl compound tripropoxy silane, 
vinyltrimetoxysilane, Vinyltriethoxysilane, a vinyl tripropoxy silane, allyl compound 
trimethoxysilane, Allyl compound triethoxysilane, an allyl compound tripropoxy silane, methyl 
trimetoxysilane, Methyl triethoxysilane, a methyl tripropoxy silane, ethyltrimethoxysilane, 
Although ethyltriethoxysilane, an ethyl tripropoxy silane, n-propyltrimethoxysilane, n-propyl 
triethoxysilane, n-propyl tripropoxy silane, etc. are mentioned, they are not these things limited 
to seeing. 

[0014] Moreover, the high grade silicone ladder prepolymer which has a hydroxyl group at the 
end concerning claim 4 is manufactured as a raw material using the trichlorosilane compound 
expressed by general formula (5):R12SiCI3 (R12 shows a hydrogen atom among a formula). As 
for this trichlorosilane compound, what was beforehand distilled and refined in the nitrogen air 
current under reduced pressure is desirable. Since it hydrolyzes easily, and the refined 
trichlorosilane compound generates a hydrogen chloride and serves as a silica with the moisture 
in air, it is desirable to deal with it, as it does not put into the air containing moisture. 
[0015] Next, the manufacture approach is explained. First, the trialkoxysilane compound and 
trichlorosilane compound which are expressed with a general formula (3), (4), (5), and (6) are 
dissolved in an organic solvent. About the concentration in the organic solvent solution, it is 
desirable to be adjusted so that the concentration of the silicone ladder prepolymer usually 
obtained in an organic solvent solution may become in ml and 0.01 -0.3g /. Since the silicone 
ladder prepolymer from which a polymerization reaction rate is obtained late again is low 
molecular weight when the concentration of this silicone ladder prepolymer is less than 
0.01 g/ml, it is hard coming to carry out layer separation of the hydrolysis organic solvent 
solution washed after the reaction halt in an organic layer and a water layer. Moreover, when 
exceeding ml in 0.3g /, in order that the heat generated at the time of a cohydrolysis may not 
emit effectively, a partial rate of polymerization is brought about, and unordered structure 
becomes is easy to be introduced into a silicone ladder prepolymer. 

[0016] The organic solvent of a non-drainage system which may dissolve hydrolyzate as the 
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above-mentioned organic solvent is used. As an example of this organic solvent, although 
aromatic hydrocarbon, such as ether, such as ketones, such as methyl isobutyl ketone and a 
methyl ethyl ketone, diethylether, and isopropyl ether, a xylene, toluene, and benzene, etc. is 
mentioned for example, in these, the high grade chemical for electronic industry (EL grade) is 
desirable, and it is desirable one sort or for two or more sorts to be mixed and to use. 
[0017] Next, in case the silicone ladder prepolymer concerning claim 3 is manufactured, the 
ultrapure water containing a hydrogen chloride is dropped. As this ultrapure water, the pure 
water of 16 or more M omega-cm is used as much as possible for the specific resistance 
except an impurity. The ultrapure water containing the hydrogen chloride used at the time of a 
cohydrolysis means the pure water which contains the hydrogen chloride (EL grade) of the 0.02 
- 0.23-mol section to the one mol section of mixture of a compound expressed with the general 
formula (3) and general formula (4) which are a raw material. Since the effectiveness committed 
as a catalyst of a dehydration condensation reaction is low, the hydrogen chloride of under the 
0.02-mol section has a slow reaction rate. Moreover, when exceeding the 0.23-mol section, the 
catalyst effectiveness corresponding to an addition is not not only acquired, but there is an 
inclination which checks advance of a dehydration condensation reaction on the contrary. 
[0018] In manufacture of the silicone ladder prepolymer concerning claim 4, ultrapure water is 
dropped at the organic solvent solution which dissolved the trichlorosilane compound expressed 
with a general formula (5) and (6) in the organic solvent under cooling. Even if ultrapure water 
contains a hydrogen chloride, it is not necessary to contain it. The drip of ultrapure water has 
good 0.5-20 mols to one mol of raw materials. 

[0019] In manufacture of the silicone ladder polymer concerning claim 3 and claim 4, when 
cooling the above-mentioned organic solvent solution, as for especially the temperature of an 
organic solvent solution, it is desirable to adjust -30-30 degrees C so that it may become -20- 
25 degrees C. When temperature is lower than -30 degrees C, the dropped ultrapure water 
solidifies and hydrolysis does not advance effectively. Moreover, when exceeding 30 degrees C, 
since emission of the added hydrogen chloride becomes easy to advance, hydrolysis does not 
advance promptly. In addition, after ultrapure water finishes being dropped, in order to complete 
a hydrolysis reaction, it is desirable to continue stirring for further 2 to 5 hours. 
[0020] Reaction mixture divides after reaction termination into two-layer [ of an organic solvent 
layer and a water layer ]. Next, for example, a lower layer water layer is removed using a 
separating funnel etc., and the organic solvent layers containing a silicone ladder prepolymer are 
collected. Although ultrapure water washes the collected organic solvent layer next, this 
invention is not limited to this washing approach, and well-known various approaches are used. 
If the example is given, after mixing with said ultrapure water of this capacity and stirring or 
shaking an organic solvent layer, there is the approach of taking out an organic solvent layer. If 
actuation of this washing is repeated 3 times or more when this washing approach is adopted, 
the chlorine ions including the sodium ion in a silicone ladder prepolymer and potassium ion 
generated so much will be removed easily. The obtained silicone ladder prepolymer has ladder 
mold structure, and it is considered to be because for an impurity not to be easily incorporated 
by intramolecular that these impurities are removed. In addition, its molecular weight is small, 
and since this silicone ladder prepolymer is unrecoverable depending on the usual precipitation 
method using a suitable solvent, it is desirable [ a prepolymer ] to distill off a solvent, to make it 
harden by drying and to collect as powder. 

[0021] The silicone ladder prepolymers of the high grade the polymerization degree (n) each 
content of whose of uranium and thorium each content of sodium, a potassium, iron, copper, 
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lead, magnesium, manganese, and chlorine is 1 ppm or less, and is 1 or less ppb is indicated to 
be by the general formula (2) of 5-600 in this way are collected. 
[0022] (Manufacture of the silicone ladder polymer of the amount of high grade 
macromolecules) the organic solvent solution with which the silicone ladder polymer of the high 
grade whose polymerization degree (n) is 600-10000 contains the above-mentioned silicone 
ladder prepolymer in a general formula (1) — moreover, the organic solvent solution which 
dissolved the silicone ladder prepolymer in the organic solvent when silicone ladder prepolymers 
were collected as powder is moved to the flask made from quartz glass equipped with for 
example, the stirring rod made of a fluororesin, the reflux condenser, and the Dean Stark trap. 
Next, silicone ladder polymer is obtained by adding and heating a nucleophilic reagent in this 
flask by carrying out dehydration condensation, compounding a high molecular weight object, 
and refining the obtained high molecular weight object by the dissolution reprecipitating method. 
[0023] As the above-mentioned organic solvent, the organic solvent of a non-drainage system 
which may dissolve a silicone ladder prepolymer is used. As an example of this organic solvent, 
although aromatic hydrocarbon, such as ether, such as ketones, such as methyl isobutyl ketone 
and a methyl ethyl ketone, diethylether, and isopropyl ether, a xylene, toluene, and benzene, etc. 
is mentioned for example, in these, the high grade chemical for electronic industry (EL grade) is 
desirable, and it is desirable one sort or for two or more sorts to be mixed and to use. 
[0024] Hydroxides, such as K, Na, and Cs, are raised as the above-mentioned nucleophilic 
reagent. Preferably, it is good to use the potassium hydroxide of EL grade, a sodium hydroxide, 
etc. As for the amount of nucleophilic reagents, it is desirable that they are 0.01 - 5 % of the 
weight and further 0.05 - 3 % of the weight to a silicone ladder prepolymer. When catalytic 
activity becomes small and the reaction rate of a silicone ladder prepolymer becomes small, 
when the amount of nucleophilic reagents is less than 0.01 % of the weight, and exceeding 5 % of 
the weight, dissociation of siloxane association produced in existence of a nucleophilic reagent 
has priority, and there is an inclination which will not carry out macromolecule quantification. 
[0025] Next, dehydration condensation of the silicone ladder prepolymer is carried out under 
heating in the organic solvent layer which added the nucleophilic reagent. Under the present 
circumstances, as for heating time, it is desirable that it is 1 hours or more. When heating time 
is shorter than 1 hour, a reaction may not advance. The silicone ladder polymer polymerization 
degree (n) is indicated to be in this way by the general formula (1) which are 600-10000 is 
obtained. The polymerization degree (n) of this polymer is adjusted by choosing suitably the 
classes, those amount used, and condensation reaction time amount of a solvent and a catalyst. 
[0026] In addition, since the nucleophilic reagent contains with the minute amount as an 
impurity in the obtained silicone ladder polymer, it refines by the dissolution reprecipitating 
method. The dissolution reprecipitating method means the purification approach of the solution 
made dissolving the matter containing an impurity in a good solvent being gradually dropped at a 
poor solvent, and making it reprecipitating it. As a good solvent, the solvent of an ether system 
is used in this invention. A tetrahydrofuran is mentioned as an example of representation of this 
good solvent. In addition, as for a good solvent, it is desirable for it to be distilled beforehand 
and to be filtered with the filter whose diameter of puncturing is subsequently 0.5 micrometers. 
As a poor solvent, the solvent of an alcoholic system is mentioned in this invention. Methyl 
alcohol is mentioned as an example of representation of this poor solvent. In addition, as a poor 
solvent, it is desirable to use the thing of the high grade of EL grade. 

[0027] The above-mentioned good solvent is added so that the concentration of silicone ladder 
polymer may become a reaction solution containing silicone ladder polymer with 2 - 15 % of the 
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weight Since a nucleophilic reagent becomes concentration is too high and is easy to be 
incorporated between molecules when it becomes difficult when the concentration of silicone 
ladder polymer is less than 2 % of the weight to be hard to reprecipitate silicone ladder polymer 
and to refine and it exceeds 15 % of the weight, it is in the inclination it to become difficult to 
make it reprecipitate and to refine. 

[0028] Next, a poor solvent is gradually dropped at the reaction solution containing the silicone 
ladder polymer by which the good solvent was added. As for this poor solvent, it is desirable to 
add so that it may become five to 20 times to the amount of reaction solutions. A solvent 
becomes useless when it is hard coming to remove impurity ion when the capacity of a poor 
solvent is less than 5 times, and exceeding 20 times. In addition, a good solvent is gradually 
dropped for making removal of impurity ion efficient. Thus, by adding to a poor solvent, it 
precipitates, and it dissolves in a good solvent still like the above, and subsequently to a poor 
solvent the collected silicone ladder polymer is dropped, and is collected as settlings. If 
actuation of this purification is repeated 3 to 5 times, the content of a nucleophilic reagent will 
be set to 1 ppm or less. 

[0029] When the obtained silicone ladder polymer was analyzed by infrared spectroscopy, the 
absorption peak by which this polymer belongs to the unsymmetrical stretching vibration of Si- 
O-Si which shows that it has ladder mold structure was observed by 1135cm-1 and 1045cm-1. 
It was checked that this polymer is silicone ladder polymer by this. The high grade silicone 
ladder polymer the polymerization degree (n) each content of whose of uranium and thorium 
each content of sodium, a potassium, iron, copper, lead, and chlorine is 1 ppm or less, and is 1 
or less ppb is indicated to be by the general formula (1) of 600-10000 in this way is obtained. 
The weight average molecular weight of this silicone ladder polymer is the 100,000 or more 
amounts of macromolecules. 
[0030] 

[Function] the silicone ladder polymer in invention of claim 1 — each content of sodium, a 
potassium, iron, copper, lead, magnesium, manganese, and chlorine — each content of 1 ppm or 
less, uranium, and thorium — 1 or less ppb — it is — general formula (1): 
[Formula 5] 

r ?i 



R3O-— |i 



•R5 



R4O— Si 0—R 6 

_ R 2 J Eh 

It is expressed with (R1 shows a hydrogen atom among a formula, R2 shows a hydrogen atom, 
low-grade alkyl group, and alkenyl radical or an aryl group, R3, R4, R5, and R6 show a hydrogen 
atom or a low-grade alkyl group, and n1 shows the natural number of 600-10000). 
[0031] the silicone ladder prepolymer in invention of claim 2 — each content of sodium, a 
potassium, iron, copper, lead, magnesium, manganese, and chlorine — each content of 1 ppm or 
less, uranium, and thorium — 1 or less ppb — it is — general formula (2): 
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[Formula 6] 



-Re 
n 2 

It is expressed with (R1 shows a hydrogen atom among a formula, R2 shows a hydrogen atom, 
low-grade alkyl group, and alkenyl radical or an aryl group, R3, R4, R5, and R6 show a hydrogen 
atom or a low-grade alkyl group, and n2 shows the natural number of 5-600). 
[0032] The manufacture approach of the silicone ladder prepolymer in invention of claim 3 
General-formula (3): R7 SiOR8 OR9 OR10 (R7 among a formula a hydrogen atom) R8, R9, and 
R10 — a low-grade alkyl group — being shown — the trialkoxysilane compound expressed — 
Or this and general formula (4):R1 1SiOR8 OR9 OR10 (among a formula) The trialkoxysilane 
compound expressed is dissolved in an organic solvent. R1 1 — a low-grade alkyl group and 
alkenyl radical or an aryl group — R8, and R9 and R10 — a low-grade alkyl group — being 
shown — After hydrolyzing under cooling using the ultrapure water containing a hydrogen 
chloride, ultrapure water washes the obtained hydrolyzate. 

[0033] The manufacture approach of the silicone ladder prepolymer in invention of claim 4 
General-formula (5): The trichlorosilane compound expressed with R12SiCI3 (R12 shows a 
hydrogen atom among a formula), or this and general formula (6):R13SiCI3 (the inside of a 
formula, and R13 — a low-grade alkyl group — ) an alkenyl radical or an aryl group — being 
shown — after dissolving the trichlorosilane compound expressed in an organic solvent and 
hydrolyzing under cooling using ultrapure water, ultrapure water washes the obtained 
hydrolyzate. 

[0034] The manufacture approach of the silicone ladder prepolymer in invention of claim 5 adds 

a nucleophilic reagent in the organic solvent solution of a silicone ladder prepolymer, carries out 

dehydration condensation, and refines the obtained high molecular weight object by the 

dissolution reprecipitating method. 

[0035] 

[Example] 

One example of this invention is explained an example 1 - below 7. The trialkoxysilane 
compound (general formula (3)) of a class (a) and the trialkoxysilane compound (general formula 
(4)) of a class (b) which are shown in Table 1 and which are a raw material were distilled under 
the reduced pressure nitrogen air current. It blended with the loadings which show the organic 
solvent of EL grade shown with this in Table 1 in Table 1, and the solution was adjusted. This 
solution was moved to 4 opening flask of 2L which attached the tap funnel, the thermometer, 
and the stirring rod, and it cooled to the temperature (hydrolysis temperature) shown in Table 1 . 
Only the amount which shows the ultrapure water which contains the hydrogen chloride of the 
amount shown in Table 1 under cooling and stirring in Table 1 was dropped gradually. 
Generation of heat at this time performed this dropping over 1 - 2 hours not much violently. 
After dropping termination, stirring was continued for 3 hours, the hydrolysis reaction was 
completed, and the silicone ladder prepolymer was obtained. The solution of this prepolymer 
was gently moved and put on the separating funnel, and it was made to separate into two-layer. 
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The lower layer water layer was removed and the organic layers containing a silicone ladder 
prepolymer were collected. In this organic layer, the ultrapure water of an organic layer and this 
volume was added, and was shaken and washed. This actuation was repeated 5 times. When the 
ion chromatography analysis apparatus (horizontal Kahoku a dragon the product made from 
Electrical machinery, lot number:IC~ 500) analyzed the amount of impurities contained in the 
silicone ladder prepolymer after washing, each content of the chlorine ion in the silicone ladder 
prepolymer obtained in the examples 1-7 was 1 ppm or less after about 1000 ppm and the 3rd 
washing after the 1st washing. Moreover, potassium ion concentration also decreased with 
washing and was 1 ppm or less after the 3rd washing. The impurity content of the silicone 
ladder prepolymer after washing 3 times is shown in Table 2. As shown in Table 2, sodium, a 
potassium, iron, copper, lead, and chlorine were 1 ppm or less, and uranium and the thorium of 
the impurity content of this silicone ladder prepolymer were 1 or less ppb. 
[0036] 
[Table 1] 
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[0037] Next, the weight average molecular weight of each silicone ladder prepolymer obtained in 
the examples 1-7 was measured with gel permeation chromatography (the Jasco Corp. make, 
lot number:TRI-ROTAR-). The result is shown in Table 2. 
[0038] 
[Table 2] 
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[0039] furthermore, these silicone ladder prepolymer since the double peak of siloxane 
association with the 1 100cm-1 neighborhood is seen when the structure of each silicone ladder 
prepolymer obtained in the examples 1-7 is investigated by infrared spectroscopy (the Jasco 
Corp. make, lot number:FT/IR-1 1 1 mold) (jar NARUOBU polymer science (1963 annual 
publications), C-1 volume, 83 pages) — each — general formula (2): 
[Formula 7] 

r ?i 



R 3 0— -Si 0--R 5 



O 
I 

•SI- 



Having the structure expressed with (R1 shows a hydrogen atom among a formula, R2 shows a 
hydrogen atom, low-grade alkyl group, and alkenyl radical or an aryl group, R3, R4, R5, and R6 
show a hydrogen atom or a low-grade alkyl group, and n2 shows the natural number of 5-600) 
was checked. 

[0040] The trialkoxysilane compound of a class (a) and a class (b) which the example 1 of a 
comparison - 4. loadings, and hydrolysis temperature were shown in Table 3, and also is shown 
in Table 3 like examples 1-7 was hydrolyzed. In the examples 1 and 3 of a comparison, since 
hydrolysis temperature was as low as -50 degrees C, it solidified, and a hydrolysis reaction did 
not advance but the dropped ultrapure water had very small molecular weight. Moreover, in the 
examples 2 and 4 of a comparison, since hydrolysis temperature was as high as 40 degrees C, 
evaporation of the hydrogen chloride dropped with ultrapure water was intense, and the 
hydrolysis reaction did not advance in this case, either. Therefore, rinsing was not able to refine 
the solution. 
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[0041] 
[Table 3] 
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[0042] According to the approach of an example 8-14. examples 1-7, as shown in Table 4, the 
silicone ladder prepolymer of the predetermined **** high grade for loadings was compounded 
for the trialkoxysilane compound of a class (a) and a class (b). The solution containing this 
silicone ladder prepolymer was moved to 4 opening flask of 2made from quartz glass L which 
attached the Teflon stirring rod, the Dean Stark trap, and the thermometer. As a nucleophilic 
reagent, as shown in Table 4, specified quantity addition of the KOH solution with a 
concentration of 0.1 g [/ml ] which dissolved in the methanol (EL grade) was carried out as a 
catalyst, and it heated at predetermined temperature, and the predetermined time amount 
dehydration condensation reaction was performed. 
[0043] 
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[0044] After the predetermined solution which carried out the time amount reaction having 
added the tetrahydrofuran refined so that a polymer quantitative formula might serve as 
concentration shown in Table 5 after radiationnal cooling, having fully stirred it and using it as a 
solution, it was dropped at the methyl alcohol (EL grade) of an amount 10 times, and collected 
the settlings of the silicone ladder polymer of the amount of macromolecules. It considered as 
the tetrahydrofuran solution of the predetermined concentration same [ after drying settlings ] 
as having mentioned above, and it was made to precipitate and silicone ladder polymer was 
collected. This actuation was repeated 4 times. 
[0045] 
[Table 5] 
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[0046] Thus, the weight average molecular weight of the compound amount silicone ladder 
polymer of macromolecules was measured with gel permeation chromatography (the Jasco Corp. 
make, lot number:TRI-ROTAR-). Moreover, chlorine ion concentration was analyzed by the ion 
chromatography analysis apparatus (horizontal Kahoku a dragon the product made from 
Electrical machinery, lot number:IC- 500), and atomic-absorption-analysis equipment (the 
Shimadzu Corp. make, lot number:IC-500) analyzed each concentration of the uranium of a 
radioactive element, and thorium for sodium ion, potassium ion, iron ion, a copper ion, and lead 
ion concentration with the spectrophotofluorometer (the Hitachi, Ltd. make, lot number:MPF-4). 
These results are shown in Table 5. The silicone ladder polymer of a high grade was obtained so 
that clearly from Table 5. Moreover, impurity ion concentration decreased with the increment in 
the count of reprecipitation. 

[0047] According to the approach of an example 15-21. examples 1-7, as shown in Table 6, 
the silicone ladder prepolymer of the predetermined **** high grade for loadings was 
compounded for the trichlorosilane compound (general formula (5)) of a class (c), and the 
trichlorosilane compound (general formula (6)) of a class (d). The solution containing this 



15 



JP08-245792A 

silicone ladder prepolymer was moved to 4 opening flask of 2made from quartz glass L which 
attached the Teflon stirring rod, the Dean Stark trap, and the thermometer. As a nucleophilic 
reagent, as shown in Table 6, specified quantity addition of the KOH solution with a 
concentration of 0.1 g [/ml ] which dissolved in the methanol (EL grade) was carried out as a 
catalyst, and it heated at predetermined temperature, and the predetermined time amount 
dehydration condensation reaction was performed. 
[0048] 
Table 6] 
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[0049] After the predetermined solution which carried out the time amount reaction having 
added the tetrahydrofuran refined so that a polymer quantitative formula might serve as 
concentration shown in Table 7 after radiationnal cooling, having fully stirred it and using it as a 
solution, it was dropped at the methyl alcohol (EL grade) of an amount 10 times, and collected 
the settlings of the silicone ladder polymer of the amount of macromolecules. The 
tetrahydrofuran solution of the same predetermined concentration as what was used by the 
above-mentioned took after drying settlings, it was made to precipitate and silicone ladder 
polymer was collected. This actuation was repeated 4 times. 
[0050] 
[Table 7] 
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[0051] Thus, the weight average molecular weight of the compound amount silicone ladder 
polymer of macromolecules was measured with gel permeation chromatography (the Jasco Corp. 
make, lot number:TRI-ROTAR-). Moreover, chlorine ion concentration was analyzed by the ion 
chromatography analysis apparatus (horizontal Kahoku a dragon the product made from 
Electrical machinery, lot numbenlC- 500), and atomic-absorption-analysis equipment (the 
Shimadzu Corp. make, lot number:IC-500) analyzed each concentration of the uranium of a 
radioactive element, and thorium for sodium ion, potassium ion, iron ion, a copper ion, and lead 
ion concentration with the spectrophotofluorometer (the Hitachi, Ltd. make, lot number:MPF-4). 
These results are shown in Table 7. The silicone ladder polymer of a high grade was obtained so 
that clearly from Table 7. Moreover, impurity ion concentration decreased with the increment in 
the count of reprecipitation. 

[0052] According to the approach of the example 5 of a comparison - examples 1-4 of 8. 
comparison, the trichlorosilane compound of a class (c) and a class (d) shown in Table 8 was 
hydrolyzed. The obtained hydrolyzate could not be refined depending on rinsing because of low 
molecular weight, but added as a catalyst KOH of the amount shown in Table 8 as it is, carried 
out predetermined time heating, and performed the dehydration condensation reaction. Since 
the polymerization of the hydrolyzate was carried out slightly, rinsing refined, but the impurity 
content was high as shown in Table 9. 
[0053] 
[Table 8] 
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[0054] 
[Table 9] 
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[0055] In the examples 1-21, compared with the examples 1-8 of a comparison, it is a high 
grade with very few contents of impurities, such as sodium, a potassium, chlorine, iron, copper, 
lead, magnesium, manganese, uranium, and thorium, and the result of Table 1 - 9 shows that the 
silicone ladder polymer of the amount of macromolecules was obtained. 
[0056] 

[Effect of the Invention] As mentioned above, according to invention of claim 1, each content of 
sodium, a potassium, iron, copper, lead, magnesium, manganese, and chlorine is [ each content 
of 1 ppm or less, uranium and thorium ] 1 or less ppb, and since it constituted so that 
polymerization degree (n) might be set to 600-10000, it is effective in the silicone ladder 
prepolymer of the amount of macromolecules being obtained by the high grade. Therefore, it can 
be used suitable for the surface protective coat of a semi-conductor, an interlayer insulation 
film, etc., and there is effectiveness which can contribute to the improvement in dependability 
of a semiconductor device. 

[0057] Since according to invention of claim 2 each content of sodium, a potassium, iron, 
copper, lead, magnesium, manganese, and chlorine constituted so that each content of 1 ppm or 
less, uranium, and thorium might be set to 1 or less ppb, it is effective in the silicone ladder 
prepolymer of a high grade being obtained. 

[0058] Since according to invention of claim 3 it constituted so that ultrapure water might wash 
the obtained hydrolyzate after hydrolyzing under cooling using the ultrapure water which 
dissolves the trialkoxysilane compound of a general formula (3), or the compound of a general 
formula (3) and the trialkoxysilane compound of a general formula (4) in an organic solvent, and 
contains a hydrogen chloride, it is effective in the silicone ladder prepolymer of a high grade 
being obtained. 

[0059] Since according to invention of claim 4 it constituted so that ultrapure water might wash 
the obtained hydrolyzate after dissolving the trichlorosilane compound of a general formula (5), 
or the compound of a general formula (5) and the trichlorosilane compound of a general formula 
(6) in the organic solvent and hydrolyzing under cooling using ultrapure water, it is effective in 
the silicone ladder prepolymer of a high grade being obtained. 

[0060] Since according to invention of claim 5 it constituted so that the high molecular weight 
object obtained by adding a nucleophilic reagent in the organic solvent solution of the silicone 
ladder prepolymer of a high grade, and carrying out dehydration condensation might be refined 
by the dissolution reprecipitating method, it is effective in the silicone ladder polymer of the 
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amount of macromolecules being obtained by the high grade. 
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